Social behavior dysfunction is a symptomatic element of schizophrenia and autism spectrum disorder (ASD). Although altered activities in numerous brain regions are associated with defective social cognition and perception, the causative relationship between these altered activities and social cognition and perception-and their genetic underpinnings-are not known in humans. To address these issues, we took advantage of the link between hemizygous deletion of human chromosome 22q11.2 and high rates of social behavior dysfunction, schizophrenia and ASD. We genetically manipulated Sept5, a 22q11.2 gene, and evaluated its role in social interaction in mice. Sept5 deficiency, against a high degree of homogeneity in a congenic genetic background, selectively impaired active affiliative social interaction in mice. Conversely, virally guided overexpression of Sept5 in the hippocampus or, to a lesser extent, the amygdala elevated levels of active affiliative social interaction in C57BL/6J mice. Congenic knockout mice and mice overexpressing Sept5 in the hippocampus or amygdala were indistinguishable from control mice in novelty and olfactory responses, anxiety or motor activity. Moreover, post-weaning individual housing, an environmental condition designed to reduce stress in male mice, selectively raised levels of Sept5 protein in the amygdala and increased active affiliative social interaction in C57BL/6J mice. These findings identify this 22q11.2 gene in the hippocampus and amygdala as a determinant of social interaction and suggest that defective social interaction seen in 22q11.2-associated schizophrenia and ASD can be genetically and environmentally modified by altering this 22q11.2 gene.
INTRODUCTION
The ability to socially interact with others has a fundamental biological significance in humans and other species. Its biological role is appreciated in social behavior dysfunctions seen in developmental neuropsychiatric disorders. Social dysfunction is a prodromal and symptomatic element of schizophrenia (1) and autism spectrum disorder (ASD) throughout its developmental course toward adulthood (2) . Individuals with 3 Mb and nested 1.5 Mb hemizygosity of 22q11.2 exhibit extraordinarily high rates of social behavior deficits (3 -9) , schizophrenia (10) (11) (12) (13) (14) (15) (16) (17) and ASD (8,18 -22) . Moreover, social behavior dysfunction precedes (5) -and its severity is associated with (17, 23) -the emergence of schizophrenia among individuals with 22q11.2 hemizygosity. This chromosomal locus is one of many sites of copy number variations associated with ASD (24) (25) (26) (27) (28) (29) (30) (31) (32) (33) and schizophrenia (16, (33) (34) (35) (36) (37) (38) (39) (40) (41) (42) .
Because 22q11.2 hemizygous deletions minimally include approximately 30 genes, the precise manner by which individual 22q11.2 genes functionally contribute to the etiology of social interaction deficits, schizophrenia and ASD cannot be ascertained in humans. As this human chromosomal region is conserved in the mouse, a genetic mouse model is one reliable way to circumvent this problem. Previous studies have identified a 200 kb region of 22q11.2 whose gene dose alteration induces social behavior dysfunction and antipsychoticresponsive behavioral abnormalities (43) and prepulse inhibition deficits (44) in mice. Subsequently, we identified Sept5, one of the four encoded genes in the 200 kb region, as a determinant for social interaction in mice (45) . Recently, one child has been identified with homozygous deletion of SEPT5 and its adjacent GP1BB, and this patient exhibits deficits in socio-emotional function and language and speech development (46) . Although this single case study is consistent with the hypothesis that SEPT5 deficiency causes ASD-and schizophrenia-related phenotypes, more cases are needed to establish the degree of association between this mutation and neuropsychiatric disorders. Moreover, because the two genes are deleted in this individual, whether SEPT5 alone contributes to these various symptoms remains unclear.
In the present study, we took advantage of our identification of the murine Sept5 gene as a risk factor for defective social interaction to further advance our understanding of the role of this 22q11.2 gene in social behavior. Our analysis shows that Sept5 levels in the hippocampus and amygdala act as a determinant of social interaction in mice.
RESULTS

Sept5 deficiency decreases affiliative social interaction
Although our previous study showed that genetic background affects the penetrance of Sept5 deficiency (45) , an alternative interpretation is that the phenotypic difference between wildtype (WT) and knockout (KO) mice reflects unequal distributions of background alleles between the genotypes, rather than the genuine impact of Sept5 deficiency. To evaluate the impact of constitutive Sept5 deficiency on social interaction against a much higher level of homogeneous genetic background than our Sept5 KO mice (45) , we developed a congenic Sept5-deficient mouse on a C57BL/6J background and tested its behavior. Congenic KO mice showed lower levels of active affiliative social interaction during the second session than WT littermates (Fig. 1A) . The phenotype in social interaction did not primarily reflect alterations in non-specific elements of social behavior, as no phenotype was found in their approach behavior to a novel object (Fig. 1B) , olfactory functioning in the buried food test (Fig. 1C) , anxiety-like behavior in an elevated plus maze (Fig. 1D ) and thigmotaxis ( Fig. 1E ) and general motor activity in the open field (Fig. 1F) .
Virally guided overexpression of Sept5 in neurons in the hippocampus and amygdala of C57BL/6J mice increases affiliative social interaction A corollary of our observation with congenic Sept5 KO mice is that heightened expression of Sept5 protein in the mouse brain causes high levels of social interaction. Although Sept5 protein is expressed throughout the mouse and human brain (47, 48) , we targeted limbic regions for their implicated roles in social behavior. To selectively manipulate Sept5 in distinct brain regions, we constructed a lentiviral vector carrying Sept5 and surgically infused it into the brains of C57BL/6J mice. Compared with enhanced green fluorescent protein (EGFP), Sept5 overexpression in the hippocampus ( Fig. 2A) and amygdala (Fig. 3A) increased active affiliative social interaction in C57BL/6J mice. This phenotype was highly selective, as Sept5 overexpression had no effect on novel object exploration (Figs 2B and 3B), latency to find buried food ( Figs 2C and 3C Although there were occasional dorsal spreads of EGFP, along needle tracks, within the somatosensory cortex of the hippocampus-and amygdala-infusion groups (Supplementary Material, Fig. S2A and B), selective infusion of the vector into the somatosensory cortex (Supplementary Material, Fig. S2C ) had no effect on any of these behaviors ( Fig. 4A and C-F), except that Sept5 infusion into this cortical area facilitated novel object approach (Fig. 4B) .
Gene expression, as identified by EGFP, was centered in the CA2/CA3 of the dorsal hippocampus ( Fig. 5A ; Supplementary Material, Fig. S2A ), the basolateral amygdaloid complex ( Fig. 5C; Supplementary Material, Fig. S2B ) or the somatosensory cortex (Supplementary Material, Fig. S2C ). Consistent with the relatively higher levels of CamkIIa promoter activity in the hippocampus than in the amygdala (49), more widespread gene expression was seen in the former than the latter region ( Fig. 5A and C) . Gene expression was observed in neurons, as labeled by NeuN (Fig. 5B and D) .
Post-weaning individual housing raises Sept5 levels in the amygdala and increases active affiliative social interaction in C57BL/6J mice Individuals with identical 22q11.2 hemizygosity vary in the presence, onset and severity of social dysfunctions and * * Significant at the 1% level, as determined by Newman-Keuls comparisons. Ninety-nine percent and 98% of active social interaction was non-aggressive, active affiliative social interaction in EGFP-and Sept5-infused mice, respectively. EGFP, n ¼ 9; Sept5, n ¼ 8. (B) Time spent contacting a novel object. Sept5 infusion had no effect on this behavior (group, developmental neuropsychiatric disorders (5 -9). Environmental factors, such as stress, have been suggested to contribute to the onset of neuropsychiatric disorders and behavioral/neurocognitive deficits (50) , but it is difficult to isolate the precise environmental factor in humans. Unlike rats, male mice are highly territorial and intolerant against same-sex conspecifics, and frequently exhibit inter-individual aggression when grouphoused (51). We took advantage of the well-documented effect of post-weaning individual housing to reduce anxiety and increase affiliative social interaction in male mice (52) (53) (54) (55) .
Post-weaning individual housing selectively raised Sept5 protein levels in the amygdala ( Fig. 6A and B) . No alteration was seen in the prefrontal cortex, nucleus accumbens, caudateputamen, hippocampus, ventral tegmental area (VTA) and substantia nigra.
Post-weaning individual housing increased active affiliative social interaction (Fig. 7A ), but had no effect on a novel object approach (Fig. 7B ) or the buried food search (Fig. 7C ). In contrast, individual housing decreased anxiety-related behaviors in the elevated plus maze (Fig. 7D ) and thigmotaxis in an inescapable open field (Fig. 7E) , and elevated basal levels of motor activity in the open field, but not the rate of habituation of motor activity (Fig. 7F ).
DISCUSSION
Our results provide three lines of evidence to support the hypothesis that Sept5, a 22q11.2 gene, is a determinant for affiliative social interaction in mice. First, constitutive homozygosity of Sept5 reduced levels of active affiliative social interaction in congenic KO mice compared with WT mice. Second, virally guided overexpression of Sept5 in the hippocampus or amygdala enhanced social interaction in C57BL/ 6J mice. The impact of Sept5 alterations on active affiliative social interaction was highly selective and was not attributable to alterations in novel object exploration, olfactory investigation, anxiety-related behaviors or motor activity. Third, postweaning individual housing, a condition known to reduce stress in male mice, selectively elevated Sept5 protein levels in the amygdala and increased active affiliative social interaction.
Defective social interaction is the primary symptom of ASD and a prodromal and symptomatic element of schizophrenia (1, 5, 17, 23) . Although a repetitive behavioral tendency is another symptomatic element of these neuropsychiatric disorders, neither non-congenic Sept5-deficient mice (45) nor congenic Sept5 KO mice (data not shown) exhibited such a 
Post hoc comparisons showed that, compared with EGFP mice, Sept5-infused mice showed higher levels of active social interaction at the second session ( * significant at the 5% level). An analysis of raw data showed that EGFP and Sept5 mice exhibited active affiliative social interaction in 99 and 84%, respectively, in all active social interaction. EGFP, n ¼ 10; Sept5, n ¼ 8. (B) Time spent contacting a novel object. The treatment had no effect on novel object exploration (group, behavioral trait in spontaneous alternation or rewarded alternation. Given that heterozygosity of Tbx1, another 22q11.2 gene, causes both social interaction deficits and a repetitive behavioral trait (56), we suggest that more than one 22q11.2 gene impact multiple or single symptomatic elements of 22q11.2-associated schizophrenia and ASD.
Sept5 was the first 22q11.2 gene whose deficiency was found to reduce levels of affiliative social interaction in mice (45) . Our previous study showed that social interaction deficits were present in mice with a mixed genetic background of CD1, 129X1/SvJ and 129S1, but were absent when the genetic background was shifted toward 129X1/SvJ (45) . Our present data show that after achieving a highly homogeneous genetic background with C57BL/6J mice, congenic Sept5 KO mice still exhibit affiliative social interaction deficits. Moreover, overexpression of Sept5, against the co-isogenic genetic background, in the brains of C57BL/6J mice elevated levels of affiliative social interaction. These observations lend further support to the hypothesis that Sept5 is indeed a determinant of social interaction and that genetic background influences its phenotypic penetrance. This provides a plausible explanation for the clinical observation that not all individuals with identical 22q11.2 hemizygous deletions exhibit social behavior deficits, and those with this phenotype exhibit varying degrees of phenotypic severity (5 -9).
A decrease in time spent in social interaction is usually seen from the first to second sessions and is thought to reflect recognition memory. C57BL/6J mice infused with EGFP alone showed this habituation, but congenic Sept5 WT mice instead showed higher levels of active social interaction in the second session than in the first session, despite the fact that congenic WT mice carry a C57BL/6J genetic background. As even after 10 generations of back-crossing congenic WT mice and the donor inbred strain are not genetically identical (57), allelic differences between congenic WT mice and C57BL/6J mice might have contributed to the baseline difference.
Virally guided overexpression of Sept5 in the hippocampus increased the overall level of active affiliative social interaction, and EGFP-and Sept5-infused mice showed similar rates of habituation. In contrast, virally guided overexpression of Sept5 in the amygdala elevated levels of active affiliative social interaction in the second, but not first session. The reason for this selective elevation of social interaction in the second session in the amygdala group is not clear. One possibility is that, as the stimulus mice exhibit less active social interaction, mice in the Sept5 amygdala group reactively exhibit more active social interaction. However, our data do not support this interpretation; although such a trend would show as a negative correlation in time spent in social interaction between Sept5 amygdala mice and stimulus mice, there was a statistically non-significant trend of 'positive' correlation in time spent in active social interaction at the second session between the two groups (r 2 ¼ 0.330). Another possibility is that the Sept5 amygdala group had a heightened level of anxiety during the first session and exhibited a higher level of social interaction when anxiety presumably subsided by the second session. Although we did not see any phenotypic difference between the EGFP and Sept5 amygdala groups in anxiety-related traits in the elevated plus maze, anxiety seen in this task-where the source of anxiety is thought to originate from an open area and height-is not identical to what is expected in social interaction. Given that Sept5 elevations in these two limbic structures did not affect social interaction in the same way, more work is needed to identify the precise manner through which these structures mediate social behavior.
Post-weaning individual housing selectively raised Sept5 levels in the amygdala. This is consistent with our observation that Sept5 overexpression in the amygdala increases basal levels of affiliative social interaction. However, virally guided overexpression of Sept5 in the hippocampus also increased social interaction, but the housing condition did not induce a detectable increase in Sept5 levels in this structure. Our virally guided overexpression of Sept5 was confined to the dorsal hippocampus but was sufficient to raise levels of social interaction. As our hippocampal tissue for western blotting included the ventral and dorsal hippocampus and subiculum, it might not be sufficiently sensitive to detect highly local up-regulation of Sept5 within the hippocampus.
Although post-weaning individual housing and virally guided overexpression selectively increased Sept5 in the amygdala, these two treatments did not produce the identical behavioral effects. Moreover, constitutive sept5 deficiency in KO mice and environmentally elevated Sept5 in the amygdala did not induce clear-cut opposing behavioral phenotypes. These results are hardly surprising, as constitutive Sept5 deficiency and post-weaning individual housing are likely to induce many non-identical molecular alterations in the brain. In fact, this environmental manipulation, unlike selective overexpression of Sept5 in the amygdala, additionally induced many behavioral signs of reduced anxiety and stress. Notwithstanding these differences, Sept5 might be one of the converging points through which genetic deficiency and stress-related environmental factors impact social behaviors. One way to ameliorate social interaction deficits in 22q11.2 hemizygous patients could be to elevate the expression of Sept5 from the remaining copy of 22q11.2 by reducing stress levels.
The hippocampus is structurally altered in both ASD (58,59) and 22q11.2 hemizygous patients (60). The amygdala has been implicated as a site whose activity alteration is associated with defective social cognition in individuals with ASD and schizophrenia (61) and with 22q11.2 hemizygous deletions (62) . While performing tasks that require social perception, altered activation patterns have been noted in the fusiform cortex and amygdala of individuals with 22q11.2 hemizygosity (62) . A future challenge is to identify the precise network of structures through which Sept5 acts as a determinant for social cognition.
'Connectivity' is an emerging theoretical construct to explain diverse phenotypes seen in patients with schizophrenia . This interaction was due to a significantly higher level of Sept5 in the amygdala of individually housed mice, as determined by post hoc comparisons ( * * significant at the 1% level). G, n ¼ 7-14 mice for each region; I, n ¼ 8-10 mice for each region. A sample from each mouse was used up to two to three times for all regions except for the SN and VTA; samples from the SN and VTA were used only once for each mouse. G, group housing; I, individual housing. PFC, prefrontal cortex; NA, nucleus accumbens; CP, caudate-putamen; AMY, amygdala; HIP, hippocampus; VTA, ventral tegmental area; SN, substantia nigra.
and ASD (63) (64) (65) . Synaptic contact can be considered a structural basis of connectivity between neurons. Sept5-containing filaments, together with syntaxin-1A, are localized at presynaptic terminals, and Sept5 is thought to regulate neurotransmitter release at synapses together with the SNARE complex (66) (67) (68) . Moreover, in vitro knockdown of Sept5 has been shown to alter axon length and dendritic complexity (69, 70) . Proteins located at the trans-synaptic (i.e. neurexins) and post-synaptic (neuroligin and Shank3) sites are implicated in ASD-and schizophrenia-related phenotypes in other genetic mouse models (71) . Our data add Sept5 as a pre-synaptic contributor to the synaptopathology of schizophrenia and ASD and support the notion that the symptomatic elements of schizophrenia and ASD stem from improperly formed or functioning synapses (71) .
MATERIALS AND METHODS
Mice
Male C57BL/6J mice (Jackson Laboratories, Bar Harbor, ME, USA) and congenic Sept5 KO and WT littermates were used.
Congenic Sept5 KO and WT mice were developed by backcrossing the original Sept5 heterozygous mice (72) to C57BL/6J mice for 10 generations. Male Sept5 WT, HT and KO littermates were housed together in cages (27 cm × 16 cm × 12.5 cm). Male C57BL/6J mice, housed in a group of three to four mice, were infused with an EGFP lentiviral vector or a Sept5-EGFP lentiviral vector (see Lentiviral vector and Surgery in what follows). Mice were given a week to recover before being tested. For the groups that were used to evaluate the impact of post-weaning housing conditions, 3-week-old male, C57BL/6J mice were randomly assigned to either group (n ¼ 3 -4) housing or individual housing and they were used for behavioral testing or killed for protein analysis after 6 weeks in these housing conditions. Mice remained in their housing condition until the end of testing. All mice were given access to food and water ad libitum and kept under a 14 h:10 h light/dark cycle, unless otherwise specified. Animal handling and use followed a protocol approved by the Animal Care and Use Committee of Albert Einstein College of Medicine, in accordance with National Institutes of Health guidelines. 
Behavioral testing
Behavioral testing began at 2 months of age. This age point in mice represents the developmental phase after achieving sexual maturation around 1 month of age and before reaching mature adulthood at 3 months of age; many biological processes in the brain continue to change during this period (56, 73) . Mice were tested in a battery of assays based on our standard procedure (45,56,73 -75) .
Congenic Sept5 mice and C57BL/6J mice were tested in the following order: social interaction, elevated plus maze and open field; two separate groups were tested either on novel object recognition or the buried food test. C57BL/6J mice were tested in the following order: social interaction, novel object recognition, open field, elevated plus maze and buried food test. A randomized order of assays is problematic, as a more stressful task affects performance on subsequent tasks (76) . Therefore, tasks were given in order from less to more stressful, with a 1-day interval between tests so that repeated testing did not affect phenotypic expression. All testing was done during the light phase of the cycle. An hour before testing, mice were brought into a room outside the testing room. An observer was blinded to genotype and experimental groups.
Social interaction
We followed our protocol (45, 56, 73) . Two mice were taken from their home cages and individually placed in new, separate cages for 30 min. Mice were next placed together in a new, third cage for two 5 min sessions separated by a 30 min interval: the second session evaluated recognition memory. Pairings were always made between a WT mouse and a KO mouse taken from different litters housed in different cages. For the viral overexpression experiment, group-housed, non-operated C57BL/6J mice were paired with EGFP-or Sept5-infused mice housed in different cages. For the housing experiment, group-housed C57BL/6J mice were paired with C57BL/6J mice that were individually or group-housed in different cages. Social behaviors were scored for active and passive behaviors by experimenters blinded to housing condition. Active behaviors included aggressive (i.e. tail rattle, bites, kicks, sideways offense, boxing, wrestling, mounting and pursuit) and affiliative (i.e. olfactory investigation and allogrooming) behaviors. Passive behaviors were escape, leap, side-by-side position and submissive posture. Time spent in aggressive, affiliative and passive interactions were analyzed separately. 
Novel object contact
At the beginning of testing, an individual mouse was placed in a new home cage for 30 min. The mouse was then moved into another home cage that contained a modified falcon tube (3 cm diameter × 8.5 cm length) during two 5 min sessions with a 30 min intersession interval. All activity was recorded by a digital camera placed above the home cage. An observer blinded to experimental condition scored the amount of time each mouse spent contacting the object. Sniffing and physical contact with the object were used for analysis.
Buried food test
For 2 consecutive days, a piece of the stimulus food (Honey Teddy Grahams, Nabisco, East Hanover, NJ, USA) was placed in their home cages in the presence of their normal mouse chow. On Day 3, normal chow was removed from the cage top and testing began 20-22 h later. A mouse was placed in a novel home cage containing 3 cm deep bedding (testing cage). After 5 min, the mouse was placed in another clean home cage. The stimulus food was buried about 1 cm beneath the 3 cm deep bedding in the test cage, and the mouse was then returned to the test cage. The latency to start consumption of the stimulus food was recorded. If the mouse did not find the stimulus food in 5 min, testing was terminated and that mouse received a latency of 300 s.
Lentiviral vector
The adult form of the mouse Sept5_v1 gene (77) (RIKEN, Yokohama, Japan) was inserted into a lentiviral vector containing an internal ribosome entry site (IRES) and EGFP. Sept5 was polymerase chain reaction (PCR)-amplified with primers with attB1/attB2 and introduced into a pDONR-221 vector by BP clonase reaction (Invitrogen, Grand Island, NY, USA). The IRES-EGFP sequence (Clontech, Mountain View, CA, USA) was amplified with primers with attB2/attB3 and introduced into a pDONR-P2R-P3 vector (Invitrogen) by BP reaction. The promoter region of calcium/calmodulin-dependent protein kinase II alpha (CamkIIa), a neuron-specific protein (78), was PCR-amplified with primers with attB4/attB1r and introduced into a pDONR-P4P1r vector (Invitrogen) by BP reaction. The CamkIIa promoter element, Sept5, and IRES-EGFP were introduced into a pLenti6.4/R4R2/V5-DEST vector (Invitrogen). A plasmid was generated by inserting P CamkIIaSept5-IRES-EGFP or P CamkIIa -IRES-EGFP. Using 293T cells transfected with the plasmid, we confirmed that Sept5 protein is expressed (Supplementary Material, Fig. S3A ). Viral particles were generated by co-transfection of 293FT cells (Invitrogen) by the pLenti6.4/R4R2/V5-DEST-based plasmid-containing P CamkIIa -Sept5-IRES-EGFP or P CamkIIa -IRES-EGFP and three packaging helper plasmids, using the calcium phosphate method (79) . Seventy-two hours after transfection, viral particles were collected and resuspended in phosphate-buffered saline. Viral titers were estimated by counting surviving cells following blasticidin.
Surgery
Male C57BL/6J mice were anesthetized with sodium pentobarbital [40 mg/kg, intraperitoneal (i.p.)] and were then placed in a stereotaxic apparatus (MyNeuroLab, Richmond, IL, USA). A 2.5 ml Hamilton syringe (Hamilton, Reno, NV, USA) with a 30-gauge needle was used to inject 0.3 ml of the EGFP lentiviral vector (2.30 × 10 6 TU/ml) or the Sept5-EGFP lentiviral vector (6.40 × 10 6 TU/ml) for a period of 5 min and the needle was left in place for another 5 min. Bilateral injections were made into the hippocampus (anterior-posterior (AP), 21.82 mm; medial-lateral (ML), 2.25 mm; dorsal-ventral (DV), 2.8 mm), amygdala (AP, 21.82 mm; ML, 3.0 mm; DV, 5.5 mm) or somatosensory cortex (AP, 21.82 mm; ML, 3.0 mm; DV, 2.0 mm). Mice were given a week to recover before being tested.
Immunohistochemistry
After behavioral analysis was completed, animals were anesthetized with sodium pentobarbital (62.5 mg/kg, i.p.) and perfused with saline followed by 4% paraformaldehyde. Brains were coronally sliced at 50 mm, covering the entire antero-posterior extent of the hippocampus and amygdala, and were examined for EGFP. A separate set of sections were immunohistochemically stained for NeuN (mouse antiNeuN antibody, 1:200, Millipore) as a marker of neuron together with Texas-red-conjugated anti-mouse IgG (1:500, Jackson ImmunoResearch, West Grove, PA, USA) or Alexa594-conjugated anti-mouse IgG (1:500, Invitrogen) secondary antibody. Signals were analyzed under an epifluorescent microscope (Zeiss) and a confocal microscope (Leica).
To evaluate the extent of virally expressed Sept5, we used a small set of Sept5 KO mice. KO mice received infusions of the Sept5-EGFP lentiviral vector into the hippocampus or basolateral amygdaloid complex and killed 1 week later. One set of sections were mounted and examined for EGFP. A separate set of adjacent sections were immunohistochemically stained with either a goat polyclonal Sept5 antibody (1:1000, Santa Cruz Biotechnology, Santa Cruz, CA, USA) or a mouse monoclonal Sept5 antibody (1:10 000, Assay Designs, Ann Arbor, MI, USA), following our standard Nickel-intensified DABstaining procedure (80) (81) (82) . EGFP and Sept5 signals were analyzed under an epi-fluorescent microscope (Zeiss) and a light microscope (Zeiss), respectively. The extents of EGFP and Sept5 protein signals overlapped (Supplementary Material, Fig. S2B -E) , indicating that EGFP reliably represents the extent of virally expressed Sept5.
Western blot
Cervical dislocation was used to sacrifice mice for western blotting. The following brain areas were dissected out in saline on ice: prefrontal cortex, nucleus accumbens, caudateputamen, amygdala, hippocampus, substantia nigra and VTA. Tissues were homogenized by sonication in electrophoretic mobility shift assay buffer. Sixty micrograms of sample, as determined by Bradford assay, was loaded into a 10% acrylamide gel. Transferred proteins on membranes were labeled with a goat polyclonal Sept5 antibody (1:200, Santa Cruz Biotechnology), followed by a donkey anti-goat horseradish peroxidase-conjugated IgG secondary antibody (1:5000, Santa Cruz Biotechnology). A rat monoclonal anti-tubulin antibody (1:5000, Abcam, Cambridge, MA, USA) was used in conjunction with goat anti-rat horseradish peroxidaseconjugated IgG secondary antibody (1:5000, Santa Cruz Biotechnology) to determine the amount of protein loaded. For the detection of Sept5 in 293T cells transfected with the plasmid, a mouse anti-Septin 5 (SP18) monoclonal antibody (1:200, Santa Cruz Biotechnology) and anti-mouse horseradish peroxidase-conjugated IgG secondary antibody (1:10 000, Vector) were used. Specific bands were visualized using SuperSignal West (Thermo Scientific, Waltham, MA, USA). Absorption was then measured using a GS-700 densitometer (Bio-Rad, Hercules, CA, USA) with the Quantity One software. The levels of Sept5 were normalized to tubulin and percentages of levels over standard housing were calculated for analysis.
Statistical analysis
All data are presented as the mean + standard error of the mean (SEM). Statistical significance was determined by analysis of variance followed by Newman -Keuls post hoc comparisons. When two groups were compared, Student's t-test was used. The minimum level of significance was set at 5%.
SUPPLEMENTARY MATERIAL
Supplementary Material is available at HMG online.
